In 1897 Charles Fabry and Alfred Pérot published their most important article on what we now call the Fabry-Pérot interferometer. Despite the great importance of this instrument for present-day research in physics and astrophysics, its inventors are almost completely unknown to most physicists. This article presents brief accounts of the life and work of Fabry and Pérot, who at the beginning of the twentieth century were highly regarded by physicists throughout the world for their contributions to optics and spectroscopy. Later they also made many important contributions to astrophysics, including Fabry's 1913 discovery ͑with Henri Buisson͒ of the ozone layer in the Earth's atmosphere.
I. INTRODUCTION
The Fabry-Pérot interferometer is a more widely used research instrument today than at any other time in its 100-year history. Its origin derives from the theory of multibeam interference developed by Charles Fabry in 1890-1892, and incorporated into the design of the first interferometer constructed by Fabry and his colleague, Alfred Pérot, in 1897.
In the form first developed by Fabry and Pérot, their F-P interferometer consisted of two perfectly flat glass plates coated on their parallel facing surfaces with thin silver films. In the first interferometer these metal films reflected over 90% of the light incident on them. The portion of a light beam incident on the outer surface of one of the plates, and passing through the silver coating, was then trapped between the silvered plates and reflected back and forth a very large number of times. At each reflection, however, a small fraction ͑1/10 or less͒ of the incident beam escaped through the outer surface of the second plate. As a result a very large number of parallel beams of light emerged at the same angle at which they had entered the interferometer and could then be focused to an image by a converging lens. The constructive interference of these many parallel beams of light produced very bright and remarkably sharp interference fringes. 1 By increasing the reflectivity of the plates, and their separation, the resolution of the F-P interferometer can be increased until it is finally limited only by the natural linewidth of the spectral lines emitted by the source. Modern F-P interferometers used at wavelengths near 500 nm, with a fixed separation of 1 cm between the coated ͑silver or aluminum͒ surfaces, and reflectivities for their coated surfaces of 95%, have resolving powers Rϭ/⌬ min ϭ1.2ϫ10 6 . In special cases, resolving powers of about 2.5ϫ10 7 have been obtained. These values exceed those for prism and grating spectrometers by one or two orders of magnitude. This is one of the great advantages F-P interferometers have over other kinds of optical instruments for precision wavelength measurements, analysis of hyperfine structure of atoms, the cali-bration of the standard meter in terms of wavelengths of light, and other more specialized applications. 2 The compensating disadvantages of the F-P interferometer are the elegant but somewhat complex methods that must be applied to obtain the desired precision wavelengths from measurements on the F-P interference patterns. A discussion of these methods is outside the scope of this paper, but good treatments are available in the literature. 3 Despite the extraordinary usefulness of the F-P interferometer, however, its inventors are much less well known to present-day physicists than is the instrument they developed. Because they used their interferometer to make many important contributions to astrophysics, the names of Fabry and Pérot are more likely to be familiar to astronomers than to physicists, even though both were trained as physicists and served as professors of physics at important French universities throughout their careers.
It is even hard to find reference books on optics or the history of physics that make any serious attempt to answer the question: Who were Fabry and Pérot? 4 This brief article attempts to rectify this sad state of affairs, and to demonstrate why Fabry and Pérot deserve to be better known and more widely appreciated by the present generation of physicists, astronomers, and historians of science.
II. CHARLES FABRY
Charles Fabry ͑1867-1945͒ was born on June 11, 1867 in Marseille, the seaport city on the Mediterranean in southeast France. 5 When he was 18, he entered the Ecole Polytechnique in Paris and, after graduating two years later, returned to his native Marseille for his Agrégé de physique ͑1889͒. After his agrégation, which gave him the license to teach at any State secondary school, Fabry taught at Lycées in Pau, Nevers, Bordeaux, and Marseille, and finally at the Lycée Saint Louis in Paris. During this time he was preparing his doctoral dissertation on the theory of multibeam interference phenomena, a topic that had been treated as early as 1831 by George Biddell Airy ͑1801-1892͒, but not with the depth and sophistication Fabry brought to the subject. In the years 1890-1892 Fabry published two papers on the visibility and orientation of interference fringes, the first of which was a joint paper with his mentor, Professor Jules Macé de Lepinay, and the second, which was accepted by the Faculty of Science at the University of Paris for his Docteur ès sciences degree. 6 These papers and the large number that soon followed gradually established Fabry as an authority in the field of optics and spectroscopy.
In 1894 Fabry replaced Alfred Pérot ͑1863-1925͒ as Maî-tre de Conférences ͑Lecturer͒ at the University of Marseille, where he spent the next 26 years, starting as an assistant in de Lepinay's laboratory. In 1904, when de Lepinay retired, Fabry was appointed to fill his post as Professor of Physics at Marseille ͑see Fig. 1͒ .
Soon after his arrival in Marseille in 1894, Fabry entered into a close collaboration with Pérot on the design and construction of a multibeam interferometer, based on the theory Fabry had developed. Fabry has described in his own words how the work began on the instrument that later was named after him and Pérot:
The subject on which we began to work had occurred to me, partly by chance, following an observation in an electrical problem. A young physicist who was working with me wished to study the spark discharges passing between metallic surfaces separated by the very small space of a micron or less; he consulted me as to the method which he could employ to measure such small distances. I was already familiar with the phenomena of interference; and I thought at once that the interference methods would be the only ones capable of giving the required precision. The idea came to me that it would be easy to solve the problem if it were possible to observe the interferences produced across the metal, and I thought that would be possible by using a lightly silvered glass plate. A trial at once showed that this could be done; I was immediately struck by the singular appearance of the fringes, which were visible as very fine lines, and showed, toward the five hundredth fringe, the doubling of the sodium line instead of the disappearance which was ordinarily observed. ... the high reflecting power of the silvered surface was evidently the cause of the phenomenon.
I immediately commenced with Pérot the study of fringes of silvered films, and numerous applications followed. 7 The actual development of the Fabry-Pérot interferometer occurred during the period 1896 to 1898, with their most important paper describing this instrument being published in 1897. 8 During the six years between 1896 and 1902 Fabry and Pérot published 15 joint articles on their interferometer and its uses in metrology, spectroscopy, and astrophysics. Fabry's great interest in astronomy, acquired as a student while observing the night sky with his two brothers, led him to apply the F-P interferometer to the study of the spectra of the sun and stars. For work in astrophysics Fabry and Pérot found their interferometer especially well suited for obtaining very high spectral resolution for sources of small angular size ͑like the other planets or stars͒, or for achieving medium to high resolution for sources of low surface brightness ͑like nebulae or galaxies͒. 11 As part of this ongoing project, in 1911 Fabry and Buisson discovered the ''nebulium'' lines in the Orion nebula, 12 and in 1913 they were the first to demonstrate that the ultraviolet absorption in the Earth's upper atmosphere was due to ozone 13 ͑see Fig. 2͒ . Fabry retained his interest in this problem, and in 1929 hosted in Paris the first international meeting on atmospheric ozone ͑a meeting not attended by a single scientist from the United States!͒. He also devoted a great deal of his time to developing better photometers for measuring the intensity of spectral lines emitted by both laboratory and astrophysical sources. These instruments were crucial in his explanation of the cutoff of solar radiation in the ultraviolet by the Earth's atmosphere.
His 27 years in Marseille were the happiest and most productive of Fabry's career, despite the primitive laboratories and slim budgets he had to endure. In 1921 Fabry was appointed Professor of General Physics at the Sorbonne and the first director of the new Institute of Optics.
14 In 1926 he also became professor at the Ecole Polytechnique, as the replacement for his old friend and colleague, Alfred Pérot, who had died the previous year. During his career Fabry published 197 scientific papers, 14 books, and over 100 notes, obituaries, and popular articles. 
. This committee work, added to his greatly increased administrative responsibilities at the Institute of Optics, gradually consumed most of his time and energy, and he soon longed for the chance to devote himself once again to his beloved research.
Throughout his life Fabry was very interested in the teaching and popularization of science. He wrote both textbooks and popular books on science, and for many years taught an introductory course on electrotechnology every Wednesday evening. The course was scheduled for 9 p.m., but the doors of the large lecture room had to be closed at 8:30 p.m., because no more people could squeeze in. His ability to capture a diverse audience of science students, engineers, and working men by his clear, witty words and his skillful use of demonstrations prompted Louis Duc de Broglie to suggest that Fabry would have been an ideal director for the Royal Institution in London, the position Michael Faraday ͑1791-1867͒ had filled so ably from 1825 to 1862. De Broglie's reason was simply that Fabry, like Faraday, was both an outstanding research physicist and a spellbinding lecturer.
During World War II Fabry left Paris for a village in Provence not far from Marseille and there continued to carry out secret optics research related to the war effort. At the end of the war he returned to Paris, but his health was failing and he died on December 11, 1945, after having added much luster to the established French tradition in optics, reaching back to Etienne Malus ͑1775-1812͒ and Augustin Fresnel ͑1788-1827͒. His own words may be quoted to summarize his brilliant career: ''My whole existence has been devoted to science and to teaching, and these two intense passions have brought me very great joy.''
III. ALFRED PÉ ROT
Alfred Pérot ͑1863-1925͒ has always been less well known outside France than Fabry, 16 and remarkably little published information on his career exists, even in the French literature ͑see Fig. 3͒ . He was born in Metz, France, on November 3, 1863 and educated at the Lycée in nearby Nancy and then at the Ecole Polytechnique in Paris.
17 After completing his course of studies at the Polytechnique in 1884, he returned to Nancy to do research in physics under René-Prosper Blondlot ͑1849-1930͒, who is best known for his claimed discovery of N rays in the early years of the twentieth century. About these N rays ͑named after Nancy, where Blondlot was born and spent most of his career͒, J. J. Thomson once quipped ''no English, German or American physicist succeeded in finding them, while in France they seemed to be universal.'' In 1888 Pérot received his Docteur ès sciences degree from the University of Paris, with a dissertation devoted to a precise determination of thermodynamic constants, which he then used to calculate a value for the mechanical equivalent of heat. His result, which agreed extremely well with the best direct measurements by Joule and Rowland, provided an elegant confirmation of the basic laws of thermodynamics.
After receiving his degree, Pérot was appointed Maître de Conférences ͑Lecturer͒ at the University of Marseille. He began work in the rapidly developing field of industrial electricity, publishing some research on the electromagnetic waves that Heinrich Hertz had discovered in Karlsruhe in 1888. Soon he became a consultant to the burgeoning electrical industry, and in 1894 he received a special appointment as Professor of Industrial Electricity at Marseille. It was at this time that his fruitful collaboration with Fabry began, their first research together being the development of the interferometer that brought them lasting fame. On this project, as in most of their subsequent collaborations in the years 1894-1902, Fabry handled most of the theoretical planning, optical measurements, and calculations, while Pérot contributed his great mechanical skill to the design and construction of the instruments needed for their research. Pérot liked to gather a group of talented technicians around him for the construction of needed research apparatus, but for developing new instruments Fabry always considered Pérot by far the most talented of those working in their laboratory. The first Fabry-Pérot interferometer was undoubtedly so successful because of Pérot's great talent for designing and building equipment ͑see Fig. 4͒ . In his book on the F-P interferometer, J. M. Vaughan has written:
To the modern instrumentalist the startling aspects of this, the first 'Fabry-Perot interferometer,' must be the ability to scan the fringes over several orders, the coarse and fine control of plate separation, the provision for rapid and variable change of plate separation while maintaining near parallelism, and the protection against vibration. 18 Fabry and Pérot constantly improved their interferometer, and began to apply it more and more to astrophysical problems. They soon discovered small systematic errors in the earlier work of Kayser and Runge ͑1888͒ and that of Rowland ͑1901͒ on the solar spectrum-researches that both had employed large Rowland gratings ruled in Rowland's laboratory in Baltimore. 19 The more accurate F-P interferometer measurements showed convincingly that the solar wavelengths obtained from the grating spectra were too high by a factor ranging from 1.000 030 to 1.000 037 throughout the spectrum. A graph of this error against wavelength was provided by Fabry and Pérot and could then be used, together with Rowland's remarkably complete solar spectrum, to provide accurately known wavelength standards throughout the visible spectrum. 20 This beautiful piece of research was greeted enthusiastically and quickly put to use by physicists and astrophysicists all over the world.
An outgrowth of this work was a paper by Fabry, Pérot, and Buisson proposing precise values for the wavelengths of a series of important spectral lines, which eventually led to the international system of wavelength standards. 21 By this research it finally became clear that the F-P interferometer provided more accurate results than either diffraction gratings or the Michelson interferometer, and the F-P soon became the preferred instrument for highly accurate wavelength measurements on spectra, whether obtained from sources in the laboratory or in the universe of stars and galaxies.
In 1901 Pérot was asked to organize and direct the new Laboratoire d'essais of the Conservatoire des arts et métiers in Paris. He did an excellent job, but soon grew weary of the heavy administrative load that fell upon him. He resigned this position in 1908 to become Professor at the Ecole Polytechnique as successor to Henri Becquerel ͑1852-1908͒, while doing most of his research at the Meudon Observatory near Versailles. There Pérot devoted himself more and more to solar physics, and especially to the use of the F-P interferometer for the measurement of Doppler displacements of solar spectral lines. For the remaining years of his career, a deep interest in the relationship between laboratory physics and astrophysics motivated his research. But he also continued some work on electricity, making contributions to the development of the triode vacuum tube, and to telegraphy. In the years 1920-1921 Pérot attempted to verify the gravitational redshift predicted by the general theory of relativity, but failed in this overly ambitious endeavor. He served as a member of the French Bureau of Weights and Measures, and in 1915 published ͑in English͒ an interesting booklet on the decimal metric system. 22 Alfred Pérot died on November 28, 1925, at the age of 62. His colleague and close collaborator, Fabry, outlived him by 20 years. Pérot was not well known by physicists outside of France, in great part because he preferred to remain with his family rather than travel abroad for conferences and meetings. 23 This may partially explain why Alfred Pérot is not better remembered today. 
IV. CONCLUSION
The above brief accounts of the lives of Fabry and Pérot should make clear that both these French physicists fully deserve more prestigious places in the annals of science than they now occupy. Their importance in the history of science is based not only on their design and construction of the F-P interferometer, but on their many other contributions to physics and astrophysics, only a few of which have been included in this brief account. At a deeper level, surely their most significant contribution was their conviction that laboratory physics carried out on tiny planet Earth cannot be separated from the physics that governs the rest of our vast universe-a conviction now fully shared by today's elementary-particle physicists, astrophysicists, and cosmologists. This idea was well expressed in 1936 by Fabry himself: ''Everything in the universe is thus linked. There is no separation between terrestrial physics and astronomy. There is no border between earth and sky.'' 
